Chronic diseases among the elderly and their huge economic burden on family have caught much attention from economists and sociologists over the past decade in China. This study measured the economic burden of elderly chronic disease (ECD) in families using the China Health and Retirement Longitudinal Study (CHARLS) data set from Peking University (China). We studied some aspects of this burden, including health-service utilization, out-of-pocket expenditure on inpatient and outpatient, total family expenditures on items, and labor force participation rates of family members, etc. Some interesting things were found, for example, the additional annual expenditure on inpatient care (per member) in ECD-families was 37 to 45 percent of the annual expenditure in the control group; the labor-force participation rate in ECD-families was 2.4 to 3.3 percent of points lower than in the control group.
Introduction
The latest data from global cancer research predicted that the number of new chronic disease among the elderly (ECD) cases all over the world will boost from 12.7 million in 2008 to 21.4 million in 2030 [1] . Since ECD maybe cause disability and shorten life expectancy, it thereby increases the economic and social burden of treatment and prevention on families. Therefore, research on ECD and assessment of the ECD burden among the families of the elderly can provide empirical evidence for all the countries to achieve the control and prevention of ECD [2] [3] [4] .
In China, improvements in health service, accompanied by growth in economic development, have caught much attention from economists and sociologists over the past decade. In China, life expectancy at birth rose nearly 51% from 49 in 1950 to 74 in 2016. However, outside of these health and economic gains, China's health service policy makers face the challenge of chronic diseases and a significant disease burden from elderly chronic disease (ECD), which has high death and disability rates and requires expensive hospitalization costs. ECD incidence has been increasing rapidly, due to the combination of risk factors such as diet, tobacco, etc. in the elderly [5] [6] [7] .
As a result, ECD incidence and ECD-related mortality were higher than those in developed countries such as the UK and USA [8] [9] [10] . Furthermore, China is becoming an ageing society, where the elderly aged 60+ make up more than 12 percent of the total population, above the 10 percent threshold for an aging society set by the United Nations [11] , followed by the significantly increased incidence and disability rate of ECD among the elderly. As a consequence, ECD imposes huge economic burden on the family [12] .
Several previous studies on the family economic ECD burden have appeared but do not sufficiently describe the issue, especially in China [13] [14] [15] . Firstly, their measures of the economic ECD burden were confused with one single disease and its comorbidities. Unadjusted measures of the economic burden of any single disease may be skewed upwards, since common risk factors that increase the risk of comorbidities occur. For instance, obesity or smoking may lead to diabetes or heart disease [16] . Secondly, the differences in education status and population structure among families may affect health-service expenditure and other behavior arrangements [17] . Finally, there is the impact of chronic diseases of the elderly (ECD) on households not affected by chronic diseases of the elderly (ECD), reducing employment and income through slower overall economic growth [18] . In view of this, this paper is particularly concerned about families including a member with elderly chronic disease (i.e., ECD-family), and comparing them with a similar family without a member with elderly chronic disease (ECD).
This study measured the economic burden of elderly chronic disease (ECD) in Chinese families using the China Health and Retirement Longitudinal Study (CHARLS) data set from Peking University (China). The ECD burden is undoubtedly severe in China since there is a low level of public finance funding for health services (increased from 0.9% to 1.2% of Gross domestic product (GDP) over the past two decades) and underdeveloped insurance markets have forced ECD-families to use out-of-pocket payments [19] . We studied some aspects of this burden, including health-service utilization, out-of-pocket expenditure on inpatient and outpatient health-service, total family expenditures on items other than health-service, reliance on borrowing or asset sales, and labor force participation rates of family members. This paper also discussed the impact of other family members when the ECD patients are living at home, including their labor force participation, health-service use, and medical expenses [20] .
Materials and Methods

Concept Definition and Variable Selection
Definition of ECD-Family
An ECD-family is defined as having at least one member with elderly chronic disease (ECD): (a) currently living with elderly chronic disease (ECD); or (b) being in hospital due to elderly chronic disease (ECD) in the year preceding the survey, whether or not currently alive. In the CHARLS data, approximately 54% of elderly chronic disease (ECD) cases were reported to be hospitalized in the year preceding the survey, which is lower than the annual hospitalization rates of elderly chronic disease (ECD) patients reported in developed countries such as Australia (about 70%) for which similar data are available [21] . Families in the control group did not fit this definition.
Matching Variables
ECD-family and control families were matched on several indexes, including the educational status of the family, house-type, the ownership of land, sanitation type, the main source of sustenance, population structure (number of children, young and the elderly, proportion of family members that are women), caste (whether scheduled caste or tribe or not, or other backward classes or not), rural/urban status and whether family members have social insurance or private insurance.
Outcome Variables
(a) Health service utilization of families. It consists of two categories: healthcare utilization and health expenditure. Healthcare utilization variables included hospitalization rate per family member in the one year preceding the survey, the length of hospital stay per family member, and outpatient visits per family member in the 15 days preceding the survey. Health expenditure variables included family out-of-pocket medical expenses per member for outpatient care in the 15 days preceding the survey, and family expenses per member for hospital (inpatient) care in the one year preceding the survey.
(b) Non-Medical consumption expenditure of families. Costs of treatment and loss of income related ECD may affect the expenditure on items other than healthcare in the ECD-family [22] . Family consumption expenditures, and net of healthcare expenditures per member were used to capture this effect for the first 15 days of the survey.
(c) Out-of-pocket healthcare expenditure. To assess the degree of ECD-related financial stress faced by families, two variables were used to illustrate this: whether families borrowed funds or sold assets to finance inpatient care (one year before the survey) and whether families borrowed or sold assets to finance outpatient care in the 15 days preceding the survey [23, 24] .
(d) Workforce participation among adults. We compared adult workforce participation rates (the number of members aged 45 years and over who are currently working, divided by the total members in the family aged 45 years and over) among ECD-family members and members of matched control families.
(e) Impact on members without ECD in ECD-families. In an ECD-family, the ECD burden can be felt through changes in workforce participation, healthcare expenditures and non-medical consumption for members without ECD [25] [26] [27] [28] . Therefore, we compared family-level outcomes (number of outpatient visits, hospitalization rate, and health expenditures) of members without ECD in the ECD-family and control families.
Methods and Steps
Propensity score matching (PSM), which was used first by Rosenbaum and Rubin [29] , was used to compare the results for the ECD-family to the matched-control family or unmatched-control family. This usually consists of three steps.
In the first step, the propensity score (the likelihood that the ECD-family) is predicted based on the education and demographic characteristics of the family. The following Logit model (1), with reference to Ajay et al. [30] , was estimated:
Here C i means whether family i includes a member with Elderly chronic disease (ECD). The vector X i represents the family population and education characteristics, and β is the vector of the parameters to be estimated.
In the second step, ECD-families were matched with control families with similar propensity scores using R. To check for balance, for each covariate used in the regression model that produced the propensity scores, we used the t-test to compare the mean between ECD-families and those in the control group.
In the end, robustness checks were implemented to evaluate the results of many matching methods, such as the nearest neighbor method and the hierarchical method. By estimating the results after excluding data, 1% hospitalized ECD-patients with the highest out-of-pocket costs were treated to reduce the risk of a few outliers influencing the outcome; by excluding any family in which at least one person has died because of varying degrees of underreporting of deaths in family surveys. Furthermore, to address the risk of upward bias in the estimates of hospitalized ECD cases used in our definition of ECD-families, we estimated another set of outcomes by including hospitalization indexes in the propensity score equation when generating the propensity score.
Data Sources
The main database used in this study was from the China Health and Retirement Longitudinal Study (CHARLS), which has received funds from the World Bank, Peking University (China), and the Behavioral and Social Research Division of the National Institute on Aging (China). CHARLS, covering the evaluation of economic, social, and health status of citizen, is a nationally representative longitudinal survey for people aged 45+ in China. CHARLS used multi-stage stratified PPS sampling and a software package" CHARLS-GIS" (Peking University, China) to make sampling frames. Its questionnaire covered the following information: population structure, family structure, health status, health service and insurance, work status, retirement and pension, income and consumption, and assets (individual and family), etc. The CHARLS interviewees using face-to-face form were followed up every two years. The latest survey (2015) included about 10,000 families and 17,500 individuals in 150 districts of 28 provinces [31] .
It is the most reliable source of national-level information on family health service utilization although our identification of ECD-families relies on self-reporting, which can lead to inaccurate estimates of ECD cases. For example, in the CHARLS data we used, the prevalence of ECD cases was 51.2%, which is close to the 53.8% prevalence estimate reported by China health statistics yearbook (CHSY) for people aged 60+. In addition, the estimated annual hospitalization rate of ECD-families in CHARLS is 54%, which is lower than in developed countries such as Australia (70%). However, although the absolute value of the coefficient estimate is low, the direction of the result is similar. Table 1 showed that the health care use patterns and out-of-pocket expenditure measures of matched and control families affected by elderly chronic disease (ECD) are more closely related to each other than are mismatched controls.
Results
Summary of Variables
Therefore, simply comparing ECD-families with randomly selected families that do not report ECD may result in an upward bias estimate of the economic burden of elderly chronic disease (ECD).
In addition, a wide range of family socio-economic and demographic characteristics was used for matching from the five aspects of age structure, level of schooling of household head, sanitation, caste and geographic region. The sample means of matched-control family were quite close to the ECD-family going through the relevant t statistics (omits here). Note: PCT = Percentage. CNY = China Yuan, OP = Out-of-pocket. The data presented refer to all family, regardless of whether there was a death in the household. 95% confidence intervals are reported in parentheses underneath the means for each statistic. * indicates that the treatment and matched controls are significantly different at the 5% level.
Effects of ECD on Family Health Service Utilization
Results of Effects of ECD on Family Health Service Utilization
Effects of ECD on family health service utilization were shown in columns 2 to 5 of Table 2 . Direct comparison of ECD-family and control family using the nearest neighbor and stratification method (columns 2 and 3), excludes all families experiencing at least one death before, and excludes the highest 1% of ECD-related inpatient family expenditures. ECD-family received 25.7 to 27.6 additional hospitalization rate per 100 members per year and 6.8 to 9.9 additional outpatient visits per 100 members per 15 days prior to the survey, compared with the control group. The average family member affected by ECD also spends more time in the hospital. In the 15 days before the survey, family members without ECD (ECD-family) had fewer outpatient visits per capita (two to three visits per 100 family members) than family members in the control group. Per capita, outpatient visits for non-primary health conditions in the 15 days before the survey were also lower in ECD-family than in the control group, with 3.8 to 5.6 visits per 100 members.
Robustness Check
We also conducted a separate set of analyses that included indexes of hospitalization as matching variables to generate propensity scores (in addition to core socio-economic and demographic characteristics). Thus, the large number of families whose members were hospitalized for reasons other than ECD was used as a control and reduced estimates of the economic impact of ECD. As shown in Table 3 . 
Effects of ECD on Family Consumption and Workforce Participation
Results of Effects of ECD on Family Consumption and Workforce Participation
The effects of ECD on family consumption and workforce participation were presented in columns 2 to 5 of Table 4 . Out-of-pocket medical expenses paid were significantly higher in families compared with ECD control, between CNY 4577 and CNY 5439 per inpatient expenditure per member in the year before the survey and CNY 67 and CNY 86 per member in the 15 days before the survey per capita outpatient visits. Compared to the control group, the health care expenditures of individuals other than ECD patients and non-primary health conditions in ECD-family were lower. ECD-family spent less per family member on non-medical expenses than the control group, with each family member spending between CNY 28 and CNY 86 on the first 15 days of the survey, although statistical differences were not always zero.
Compared with the control group, ECD-families were much more dependent on out-of-pocket spending for treatment: between 33.6 and 39.3 percent of inpatients in the year before the survey; the expenditure on outpatient services during the 15 days before the survey was 3.2% to 4.2%.
Compared with the control group, the labor-force participation rate of family members aged 16 years and older was 2.41 to 3.22 percent lower in ECD-families. When ECD patients were excluded from consideration, adult members of ECD-families had a higher labor force participation rate of 0.82% to 1.92%, but the results were not statistically significant. Notes: CNY = China Yuan, OP = Out-of-pocket. Values in parentheses refer to p-values that the matched ECD-affected and control outcomes differ in a two-tailed test. 'Non-major' health conditions refer to conditions other than cancer, heart disease, stroke, injuries and diabetes.
Robustness Check
However, as shown in Table 5 , although our estimates of family financial burdens are low, they do not affect the basic direction of our conclusions. 
Discussion
Improvements in health, accompanied by the growth in the economic development, have caught much attention from the economists and the sociologist over the past decade in China. This paper has studied the family economic burden of elderly chronic diseases in China based on CHARLS data. Some interesting things were found.
First, the effects of ECD on family health service utilization. ECD-families experienced a greater rate of hospitalization and outpatient visits than the control group. Given China's low health insurance coverage, it is not surprising that ECD-families find a huge burden of out-of-pocket spending. The additional annual expenditure on inpatient care (per member) in ECD-families was 37 to 45 percent of the annual expenditure in the control group. About 35 to 43 percent of the expenditure of the average ECD-family is spent on out-of-pocket inpatient and outpatient care. Compared with families with lower education status (54%), families with higher education status spend a higher proportion of total expenditures on out-of-pocket medical care (61%).
Second, effects of ECD on family consumption. Out-of-pocket costs associated with ECD treatment and any loss of income affect non-medical spending by ECD-families. We expect that when some family members have ECD, the non-medical consumption of family will be lower unless the family can effectively guard against the related financial risks. We found that ECD-families spend less per capita. The estimated negative impact of net health expenditure on per capita consumer expenditure suggests that Chinese families are not adequately protected from the financial risks of ECD compared to controls. However, this reduction is much less than the estimated additional out-of-pocket costs of inpatients (CNY 4577 and CNY 5439). The same conclusion applies to families of different education status. Compared with the control group, families with high education status had lower non-medical expenses and higher inpatient out-of-pocket care costs. Similarly, the non-medical expenses of families with low education status lower than those of the control group, but the annual inpatient costs were higher. As a result, families rely on other ways to protect their non-health expenses from ECD-related expenses.
Families also cope with the ECD cost by increasing the burden of other members on unaffected members [32] . Once ECD patients were excluded from the analysis, the number of outpatient visits and out-of-pocket medical expenses of affected family members was significantly lower than those of the control group. However, when the data are broken down by education status, the results apply only to families with higher education status. We also compared the use and cost of health care for non-major diseases (i.e., diseases other than stroke, heart disease, injury, and diabetes), assuming that the occurrence of serious diseases would reduce the use of health care for the former. We found that the rate of outpatient visits per capita for non-primary diseases in ECD-families decreased by three to five times per 100 people compared to the control group, even when the data were divided into two groups.
Finally, the effects of ECD on workforce participation. With more than 90% of China's workers mostly in the informal sector and limited social security benefits, the loss of income from absenteeism by patients and their caregivers is likely to rise. Overall, the labor-force participation rate in ECD-families was 2.4 to 3.3 PCT points lower than in the control group. However, in ECD-families, the labor force participation rate was 0.7 to 1.9 PCT points higher in those without ECD than in the control group, although the results were statistically close to zero. These estimates do not show an impact on working hours or income but suggest that the negative impact of ECD on family income may be partially offset by an increase in Labor force participation among healthy family members. Even here, the decline in adult labor force participation was much larger in families with low education status (as compared to the control group) than in families with high education status.
Our research has several advantages. Matching families affected by ECD with "control" families (those unaffected by ECD) on huge observable education and demographic characteristics can reduce the confusion caused by non-random allocation of ECD. Our results suggest that the economic ECD burden-whether it is public subsidies or out-of-pocket spending by families-may not be as great as people conclude in the absence of a match. In addition, we used a nationally representative family survey that included detailed information on personal health care utilization and out-of-pocket medical services, methods of financing out-of-pocket medical expenditures, and information on individual level labor force participation. Finally, our results rely on multiple robustness tests. Our results apply to different matching methods, as well as to families that have died of any cause, and to the top 1% of families that spend the most out of pocket on ECD treatment.
Conclusions
This study measured the economic burden of elderly chronic disease (ECD) in Chinese families using the China Health and Retirement Longitudinal Study (CHARLS) data set from Peking University (China). We studied some aspects of this burden, including health-service utilization, family expenditures, and labor force participation rates of family members. Our results suggest that the economic ECD burden-whether it is public subsidies or out-of-pocket spending by families-may not be as great as people conclude in the absence of a match. Inevitably, our study also has some limitations, which will be studied in the future. (a) The matching methods do not explain unobservable factors that contribute to a family's ECD risk. For example, information on alcohol and tobacco consumption, dietary history or family obesity, and family members' professional histories. The estimated economic ECD burden could move upward if this information is not available. (b) Biased estimates can also occur because we do not have information about differences in physical contacts, such as distance to health facilities, that could affect ECD diagnosis and any associated health expenditures. (c) The survey also did not collect information about the severity of ECD. If the information on severity is available, we can use a variant of the propensity score matching approach to evaluate multiple treatment cases, assessing the financial burden of families based on severity. In the absence of this information, we can only estimate the average burden of different ECD severity. (d) From an economic perspective, we have not taken into account the temporal evolution of inflation and economic growth.
